Extensive research has also been done on the pollution attenuation capability of different tree species [2] [3] [4] [5] .But, in comparison, much less is known on how to maximize gains from a greenbelt. The normal proactive is to put a circular ring of trees around a pollution source. But it is easy to see that such an approach is likely to have limited utility, if at all. This is because dispersion of particulates and gaseous pollutants never occurs radially in a uniform manner from the epicenter of the exiting plume. Rather, the dispersion is non- uniform and is strongly dependent on wind-speed, winddirection, atmospheric stability, and other meteorological factors.
INTRODUCTION
HE fact that if strips of trees and other forms of vegetation are planted around sources of air pollution, such "greenbelts" tend to attenuate the pollution, has been known since the mid 19 th century [1] .
Extensive research has also been done on the pollution attenuation capability of different tree species [2] [3] [4] [5] .But, in comparison, much less is known on how to maximize gains from a greenbelt. The normal proactive is to put a circular ring of trees around a pollution source. But it is easy to see that such an approach is likely to have limited utility, if at all. This is because dispersion of particulates and gaseous pollutants never occurs radially in a uniform manner from the epicenter of the exiting plume. Rather, the dispersion is non-When polluted air comes out of a chimney or a tall stack, it does not evenly mix with the ambient air in all directions. Rather, and based on the meteorological conditions prevailing at that instant, the polluted air plume acquires complex shapes and travels in a difficult-to-predict manner. Such a plume may not come close to the ground to meet the greenbelt but may do so several hundred meters away from the greenbelt. It may also remain close to the ground for varying distances before getting diluted beyond harmful levels. If a greenbelt has to serve its purpose of pollution control effectively, the greenbelt must be located at places where the pollutant plume is likely to come close to the ground. These locations would change from season to season as the meteorology -especially the predominant wind directions and velocities -also change from season to season.
Hence, even as forecasting plume behavior is a complex task, unless it is done effectively the greenbelt would not be located where it is most needed.
Further intricacies, necessitating sophisticated R & D, are encountered in deciding which species of trees and other vegetation are to be included in a greenbelt because this decision is influenced by the agroclimatic conditions of the area; not all trees can be grown everywhere. Even more sophistication is needed to decide the optimal height of the trees and the patterns in which trees of different species, and other vegetation, is to be planted in a greenbelt to maximize attenuation.
II. THE MAIN OBJECTIVES OF GREENBELT DESIGN
Even though air pollution control may be the primary motivation to raise greenbelts (GB), a multiplicity of objectives can be fulfilled by GB development. A greenbelt can ranging from the micro-level air pollution abatement to enhancement of socio-economic values of the region. serve as a cushion against accidental fires, explosions, and toxic releases [6] . The additional benefits of GBare protection of soil from erosion, improving the micrometeorology of the area, and beautificationof the landscape. Yet another major benefit can be generation of employment and fostering a sense of participation in lay people towards environmental protection.
III. FACTORS INFLUENCING THE DESIGN OF GREENBELT
Green belt development mainly depends upon the following: [7, 8] , which had focused on suspended particulate matter, significant advancements were made by [9] [10] [11] [12] [13] . These authors have developed a body of knowledge considering the atmospheric dispersion of pollutants and the manner of their interception in the greenbelt. [14] have simulated the impact of greenbelts, separated by 10, 20, and 30 m intervals, on five major air pollutants (SO x , NO x , NH 3 , SPM, and respirable PM) to record a "micro-canyon effect" in the first two types of greenbelt intervals. But no new model was developed by [14] . The present authors have built upon the previous work and advanced it in the following terms [15] [16] [17] [18] .
a. whereas in the previous treatments the dispersion of pollutant plume has been treated as a first order concentration decay phenomena, we have incorporated much more rigorous treatments of pollutant dispersion, as these are central to the decisions on where to locate the greenbelts and how broad the greenbelts should be; b. we have also incorporated effects of atmospheric stability on plume shapes as these factors, too, are very important in deciding upon the geometry and the location of the greenbelts; c. we have included separate treatments for greenbelts to ISSN 2277 -5056 | © 2012 Bonfring be located in coastal areas and deeper inland, as meteorological factors influencing dispersion in the two areas are significantly different; d. separate treatments have been given for dispersion and control of "heavy gases"; and for as-dense-as-air and lighter-than-air gases. The overall process of greenbelt design as developed by us is summarized in Figure. 1. In order to design an effective greenbelt the atmospheric stability of the region must be determined first followed by estimation of the concentration profile and the geometry of the plume. The input from this exercise can then be used to determine the most appropriate location for the greenbelt. The first two parts of the process have to be accomplished as elaborated in Figures 2 and 3 . The design algorithm is presented in Figure 4 . Details of the model-building, validation, and some of the applications have been extensively reported [1, [15] [16] [17] [18] [19] .
The methodology has been applied to greenbelt development for several industries and industrial complexes. An illustrative example, pertaining to the Sedarapet industrial estate, Puducherry, is presented in Figure 5 .
V. CONCLUSION
In this article we have presented a mathematical model to assist in the design of greenbelts. The application of the model [1, [15] [16] [17] [18] [19] demonstrates its validity. The study also underscores the fact that without determining the correct geometry of the greenbelt on the basis of pollutant dispersionattenuation modeling, it is not possible to derive much benefit from a greenbelt.
